The application as well as study of HVOF (High-Velocity Oxy-Fuel) coating has been grown recently by many researchers. There have been several researchers approaching the HVOF parameters such as, temperature, oxygen and fuel flow, oxygen and fuel ratio, powder flow rate etc. The more researchers found the relationship between the process parameters to the quality response such as porosity, adhesive strength and oxide content. The understanding of the process parameter to quality improves the qualification process in the more efficient way and lead to the opportunity to explore the dynamic control design during the coating process. While the qualification process that involving the more robust process parameter references improve the quality assurance of the process. This paper summarises the earlier finding in order to identify the relationship of the process parameters to the output quality. It describes the important of maintaining the process parameters as part of the quality assurance. The author are now assisting the qualification process of HVOF coating and the study of the process parameters is aimed to improve the qualification process in the sense of effectively and efficiently.
Introduction
The HVOF (High Velocity Oxy-Fuel) is one of the thermal spray process which works on the principle of using thermal and kinetic energy for melting and accelerating powder particles to deposit desired coatings. This process utilizes only powder as the coating material rather than wire and rod. The fuel gases used in the HVOF process can be: propane, propylene, acetylene or even pure hydrogen. The gas temperature depends on two parameters, the ratio of oxygen and fuel gas flow rate and the choice of fuel gas [1] . The application of HVOF for repair services has been widely developed. The typical proposes to improve the wear-resistance, surface hardness and re-build the surface are some of the desirable application purposes. On the service center of rotary equipment such as compressor, turbine pump etc., the HVOF coating is aimed for repairing the damage surface area such as journal bearing, carbon seal ring of turbine and compressor. On the final product, there is limitation of quality testing, as most of the testing is destructive test which could not be applied on the final product. The best approach is to maintain the process qualification on each type of HVOF coating.
HVOF Process and Design
Processing of coatings may involve several steps. Each step represents an essential part of the planning process that must be considered before and during the coating process. Thermal spray begins with surface preparation, including cleaning, roughing, and deburring, chamfering, or radiusing and so on. Repairing worn shaft will require undercutting to remove damaged surface. After cleaning, masking protects selected component areas from unwanted abrasive and/or spray particle impact. There are several applications to protect the areas such as metal shadow plates, high-temperature tapes, and painton compounds. Preheating, the next step before spraying is used to remove moisture and present a warm, dry surface to the first impacting particles. During spraying process, temperature needs to be controlled. The present of heat in the base material may introduce the substrate degradation, oxidation, shrinkage or expansion. Post coating treatment will be required to produce the clean and good roughness surface by using the grinding machine [2] .
As the process coating spans from preparation to the finishing with multiple process, it is significant to have the quality process controlled in place. This is to avoid the poor quality which cause so much time and cost to redo the process. In some coating case the thickness of the coating shouldn't be excessive. The more thickness will introduce the low adhesive strength, hence the coating must be kept as minimum. In case of repair coating has failed and need to be redone, the base material will be required to be re-contoured or re-machined and will lead to thicker coating layer. If the thickness limit has been passed, so there is potentially the part will be scrapped or repaired with welding which is costly.
Figure.1: HVOF Coating Process

Relationship HVOF Process Parameters to the Coating Results
During the preparation on the HVOF coating process, there are phase to set up the machine in accordance to the reference from the manufacturer. The set up parameters will be clustered based on the certain application of the coating material which is in this case coating powder. Refer to Figure. 2, there are many parameters coming into the HVOF spray gun. All of the inputs parameters will determine the coating process such as the temperature, melting phase, particle velocity which will influence the coating result.
Figure.2: HVOF Spray Gun
The adhesive strength and microstructure of the coating is influenced by the in-flight particle properties such as temperature and velocity. The combination between temperature and velocity has clearly increased or decreased the adhesive strength. Also a clear relationship between particle in-flight properties as well as coating microstructure was derived: the higher the particle velocity, the lower the porosity level and higher the oxides content [3] . Similar result also obtained by Bobzin, etc. who verified that the higher particle velocity on the 316L as well as Fe-based powder has reduced the porosity [4] .
On the NiCoCrAlY coating experiments, it was found a correlation between the fuel/oxygen ratio to the porosity and oxide content on the coatings based on the reaction between particle and the fuel flame (its power and chemistry). It is found that using fuel-rich ratio affect in coatings with low porosity and Preparation:
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-Surface grinding -Inspection -Masking -Pre-heating oxidation, low residual stresses as well as high deposition efficiency as a result of the high velocity and low temperature attained by the particles [5] . In the same experiment, it was found the spray distance has significant influence on the residual stresses and deposition efficiency, while the porosity and oxide content is dependent on spray distance but also on oxygen and fuel flows. On the specific spray distances between 250 to 300mm, it produced coatings that are homogeneous, dense high intersplat cohesion coatings. The particles spread at their optimal velocity and temperature which has influencing in a balance of spreading, flattening, as well as solidification [5] .
Based on Saaedietc [6] the fuel flow, spraying distance, and oxygen flow were the significant process parameters influencing the in-flight particle temperature and velocity. While feed rate and air flow were found as insignificant effects over the range examined. It was found that the spraying distance found as insignificant variable on the oxygen content of the coatings, but a correlation between fuel-tooxygen ratio and oxygen content was observed. It is found that the higher fuel/oxygen ratio and less powder rate has produced high in-flight particle temperatures and dense coatings with relatively high oxide content. The micro-hardness of these coatings was higher than that of the feedstock powder due to the presence higher of oxygen in the coatings. A much higher F/O ratio reduced the in-flight particle temperature and the amount of oxygen in the flame. This was beneficial for minimizing the oxide content, as return the coatings contained a fairly large amount of retained un-melted particles [6] .
On the other research by M. Hasan, Stokes, Looney and Hashmi, found that the spray distance had greater effect on residual stress in the coatings compared to the flow rate ratio of oxygen to propylene and flow rate of the compressed air [7] . Same concentration on the spray distance research done by Hong, etc, which found the spray distance is the significant factor for affecting the porosity and, in turn the corrosion resistance of the coatings [8] .
Settles and Bekofske [9] found Coatings at the highest particle temperatures are undesirable due to a high melted phase with a high oxide content. While intermediate in-flight particle velocity and temperature (TP 1900-2000 K, VP 275-325 m/s) produce excellent dense coatings with plastic deformation of particles and very low oxide content. Coatings with high particle velocity and low particle temperature produce undesirable coatings containing a high melted phase with high oxide content [9] .
Stand-off distance is the most important factor to impact the compressive residual stress in the coating. At a low level stand-off distance, higher velocity of in-flight particle and higher substrate temperature post spraying contribute more peening and cooling stresses, resulting in greater compressive residual stress in the coating. Higher temperature of in-flight particle in flame at high level oxygen flow results in more pore/oxide in microstructure it also which relaxes tensile quenching stress in the splat, and lowers elastic modulus of coating material due to less WC in the coating which reduces quenching stress. Hydrogen flow at high level significantly increases velocity of in-flight particle in flame, enhancing peening stress, thus increasing the compressive residual stress in the coating [10] .
With the reference to the previous researchers, there are definitely relationship between the process parameters and the quality results. These are the basis of the quality improvements for the future application to maintain the quality assurance of the product. Figure. 3 describes the quality responses that we are interested to know. 
Statistic Design Techniques & Quality Assurance
As noted earlier in this article, many variables or parameters require study before a coating can be optimized. Statistical design techniques reduce the number of experimental runs or parameter iterations needed for coating. The results obtained are often unambiguous and at a minimum cost. Statistical design methods encourage the systematic study of the many variables that confront coatings engineers. Furthermore, these studies provide data on how variables interact and how they influence coating properties, as well as a plan for constructively changing input parameters to affect the most desirable properties. Designs of experiments and Taguchi factorial experiments are two commonly used statistical techniques. The fundamental approach for each is the same: A matrix of selected variables versus a series of experimental runs is established [2] . Tabel.1 gives the example of typical needed parameters and constants to observe the coating experiments. There is no need to have all variant of the parameters applied on experiment. The main goal is to obtain the optimized process parameters to result the best quality result. Typically, a fractional factorial matrix is constructed with variables deemed most likely to influence coating results, rather than a complete factorial of all variables. Then to understand the significant of the process variable, the analysis of variant (ANOVA) shall be performed. An ANOVA is a Taguchi analysis of results showing how each variable, both high and low, influences results [2] . The following Table. 1 is an example of Taguchi process parameters matrix and the hardware information. The test specimens then will be investigated on the laboratory to obtain the quality response of each run.
Tabel.1:
Example of Taguchi matrix variables and constants [2] .
The result of the experimental runs, the proper documentation and record will be required to the specific coating application. The parameters will be the base line of next application on the final product. This will assure the quality of the coated product in the best prediction of quality responses. This quality assurance is critical due to the actual finish product cannot be tested directly to understand the coating quality properties.
Conclusion
The study on the HVOF coating parameters has significant purposes to maintain the quality of the product. The study will give a quality assurance to the coating providers so that the final product will suffice the design and avoid the coating providers from the multiple rework due to the coating poor quality. From the previous researches there is a definite understanding that there is a relationship between the processing parameters to the quality response. It is found the repeatable relationship between process parameters and quality responses such as the higher temperature introduces more porosity due to the inclusion of oxygen. A good understanding of the process parameter provides better approach on the quality improvement. The best process parameter is needed for further development of the mechatronic application on the close loop HVOF coating process.
